INTRODUCTION
This study examines a thick (>1,600 m) section of the Lower Cretaceous Fortress Mountain Formation exposed at Atigun syncline in the foothills of the northern Brooks Range (fi gs. 1 and 2). To date, this interval has proven diffi cult to interpret (see introductory comments in Crowder, 1989) ; similar to other conglomerate-rich successions, limited faunal evidence and generally non-unique depositional processes hamper attempts at environmental reconstruction (e.g. Nemec and others, 1984) . This ambiguity is refl ected in widely varying earlier interpretations ranging from deep marine fan, to slope, to fan-delta, and even fl uvial depositional settings (Crowder, 1987; 1989; Goff, 1990; Ryherd, 1990; Schenk and Bird, 1992) . The purpose of this paper is to document the lithofacies and provide a composite, detailed measured section of the coarser, upper part of the formation exposed on the west face of Atigun syncline (Sheet B-1; fi g. 2). This brief contribution will be followed by a more exhaustive manuscript that provides detailed lithofacies descriptions and interpretations, as well as discussion of provenance, reservoir quality, stratal stacking patterns, and fan delta classifi cation (Wartes and Carroll, in prep.) .
age (Molenaar and others, 1988) . However, select micropaleontologic data indicate rocks as old as Hauterivian to Barremian may be present in the southern Colville Basin (fi g. 2; Mickey and Haga, 1987; Mull, C.G., oral commun., 2004; Wartes, unpublished data) . The type locality of the Fortress Mountain Formation has been defi ned at Castle Mountain (fi g. 1) where an approximate thickness of 3,000 m was calculated for the type section (Patton and Tailleur, 1964) .
The Fortress Mountain Formation often crops out in isolated, synclinal exposures defi ned by mesa-forming resistant conglomerate intervals (fi g. 1). Finer-grained sandstone and siltstone facies are typically poorly exposed or covered by tundra. Rapid facies changes, especially the northward diminution of conglomerate beds, is characteristic of this formation (for example, Molenaar and others, 1988) . Regionally, the Fortress Mountain Formation has been interpreted to refl ect a wide array of depositional environments from basin plain to alluvial fan settings (Hunter and Fox, 1976; Crowder, 1987; Molenaar and others, 1988) . The Fortress Mountain Formation grades northward into the Torok Formation, an interval characterized by poorly exposed fi ner-grained facies associations (Mull, 1985; fi g. 2) . The distinction between the Fortress Mountain and Torok Formations is somewhat arbitrary; most workers have restricted the Fortress Mountain Formation to surface exposures in the foothills of the Brooks Range (Molenaar and others, 1988) .
This study focused on exposures of the Fortress Mountain Formation that crop out in Atigun syncline, a prominent open fold in the northernmost Brooks Range mountain front (fi gs. 3-5). Unlike most of the Brooks Range, these outcrops, lying just east of the Dalton Highway, are accessible by road (fi g. 3; Mull and Harris, 1989) . Previous investigations of this succession have established the general framework and basic lithofacies present (Crowder, 1987; 1989; Goff, 1990; Ryherd, 1990; Schenk and Bird, 1992; Wartes and Carroll, 2002) . However, partial cover, complex facies relationships, and a lack of detailed sedimentologic analysis have resulted in considerable disagreement regarding interpreted depositional environments.
Cross sections typically depict Atigun syncline as asymmetric, with slightly steeper dips along the southern limb (for example, Mull and others, 1997) . However, recent 1:63,360-scale mapping recognized more structural complexity, including local vertical dips along the north limb and compound folding in the eastern end of the syncline (Harris and others, 2002) . Nevertheless, the syncline is only mildly deformed when compared with the underlying allochthonous rocks, composed in part of highly strained tectonic mélange mixed with sheared Okpikruak Formation (fi g. 3; Mull and others, 1997) . The basal contact of the Fortress Mountain Formation is a high-angle fault, and may have accommodated some south-vergent back-thrusting (fi g. 3; Mull and others, 1997) . Most authors agree that this fault is probably co-located on an angular unconformity that developed prior to deposition of the Fortress Mountain Formation (for example, Crowder, 1989) .
The Fortress Mountain Formation at Atigun syncline has been informally subdivided into mappable scale lower and upper portions (fi gs. 3 and 6; Mull and others 1997; Harris and others, 2002) . The lower Fortress Mountain Formation consists of a monotonous succession of concretionary siltstone and thin beds of very fi ne sandstone (fi gs. 6 and 7). This lower interval has also been mapped as Okpikruak Formation (Brosgé and others, 1979) and Torok Formation (Mull and Harris, 1989; Schenk and Bird, 1992 Mull and others, 2003) .
tion, including tight folding, which may be syndepositional or refl ect strain localization within this incompetent unit. The total thickness of this interval is not well constrained and complicated by an ambiguous basal contact, internal deformation, and inaccessible cliffs (fi g. 7). However, this study ascribed a minimum of 450 m of section to the lower Fortress Mountain Formation, recognizing that a signifi cantly thicker section is probable (fi g. 6). The upper Fortress Mountain Formation is informally defi ned here by the onset of thick conglomerate beds (fi gs. 6 and 7). This portion of the formation was studied in much greater detail in this study, a focus that is refl ected by the emphasis on sandstone and conglomerate lithofacies in the subsequent facies analysis (Wartes and Carroll, 2002) . During this study, approximately 1,135 m of upper Fortress Mountain Formation were measured on the west face of the syncline (fi gs. 5 and 6; Sheet B-1). The upper boundary of the formation is not preserved, obscuring the true depositional thickness of the unit. Previous reconnaissance studies have estimated a total formation thickness of 2,000 m (Crowder, 1987) , 2,500 m (Mull and others, 1997) , and 3,000 m (Crowder, 1989) . This variability likely refl ects different placements of the basal contact within Atigun Gorge. This study estimated approximately 1,650 m and is intended as a well-constrained minimum thickness for the Fortress Mountain Formation at Atigun syncline (fi g. 6; Sheet B-1). Mull and others, 1997) . See Harris and others (2002) Sequence of thin-bedded turbidites--often intensely deformed into "broken formation" and structural melange (Mull and others, 1997) Siltstone and thin-bedded sandstone with abundant beddingparallel calcareous concretions
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Figure 6. Generalized stratigraphic column at Atigun syncline.
SEDIMENTOLOGY AND FACIES ANALYSIS
Fan deltas form where alluvial fans prograde directly into a standing body of water (Nemec and Steel, 1988) . The following section is organized around four depositional settings commonly recognized in modern and ancient fan deltas (for example, Rasmussen, 2000) and addressed below from proximal to distal: (1) alluvial, (2) delta front, (3) delta slope, and (4) prodelta. These settings interfi nger laterally and often exhibit gradational contacts in vertical sections. Nevertheless, lithofacies (table 1) are grouped into nine unique, commonly occurring associations (table 2) , which as a group suggest an environment and depositional process and provide insight into the evolution of the larger depositional system. In relating the lithofacies and facies associations in tables 1 and 2, care is taken to present observations and descriptions separate from interpretation. 
Alluvial deposits
Alluvial deposits include all recognized nonmarine environments and are collectively grouped under a single braided fl uvial/alluvial fan facies association (table 2). The recognition of terminal alluvial deposits as distinct facies associations (different from genetically related subaqueous mouth bars) is an important, albeit often diffi cult, exercise when interpreting fan delta systems (Kleinspehn and others, 1984; Horton and Schmitt, 1996) . The alluvial deposits at Atigun syncline include evidence for both confi ned and unconfi ned nonmarine depositional systems (table 1) . Building on criteria established by other workers, channelized braided fl uvial complexes are suggested by moderately sorted barforms and lenticular bedding (Clifton, 1973; Hart and Plint, 2003) . Paleocurrent evidence from imbricated clasts is consistent with northward progradation. Laterally persistent, unconfi ned alluvial fan facies are more diffi cult to defi nitively assign as nonmarine. In some cases, the designation is inferred from stratigraphic position at the top of thick upward-coarsening (and shoaling) conglomerate sequences.
Given the overall thickness of this conglomerate-rich succession, there is surprisingly sparse, unambiguous evidence for nonmarine sedimentation. An isolated coal bed was reported by Crowder (1989) ; however, the limited exposure does not allow one to reject a hypothesis that the bed represents a rafted allochthonous peat mat. The abundance of woody and carbonaceous debris indicates signifi cant upstream vegetation was incorporated, probably from cannibalization of the delta plain. Although no paleosols or related diagnostic facies were observed in this study, it remains possible that delta plain deposits (such as overbank fi ne-grained facies) exist under some covered intervals. 
Fan delta front deposits
The fan delta front marks the subaqueous nearshore setting characterized by the interplay of riverine (fl ood-dominated) and marine (wave-dominated) processes (Kleinspehn and others, 1984; Rasmussen, 2000) . The four principal facies associations include: (1) proximal mouth bar, (2) beachface, (3) distal mouth bar, and (4) shoreface (table 2). The fan delta front is a natural trap for gravel as both stream-and mass fl ow-dominated alluvial systems decelerate upon entering a standing body of water (for example, . The best exposures at Atigun syncline occur in conglomeratic fan delta front deposits which dominate the southernmost coarse-grained exposures (fi g. 5). The component facies associations refl ect the interaction of fl ood-dominated and marineinfl uenced processes (tables 1 and 2). However, it should be noted that many of these deposits are closely interbedded and certainly existed lateral to one another at any given time. The proximal mouth bar facies association is characterized by massive, poorly sorted mass-fl ow deposits that rapidly fi ne northward into distal mouth bar facies association (fi g. 8). The subaqueous nature of these deposits is confi rmed by occasional marine bivalves and probable wave-related megaripples (fi g. 9; Sheet B-1).
The shoreface facies association is often poorly exposed and interpreted to underlie extensive tundra-covered intervals along the southern limb of the syncline. This association is dominated by cross-stratifi ed sandstone (fi g. 9) and records episodes of wave reworking of the fan delta front. This association is often closely interbedded with distal mouth bar deposits, suggesting a competition between sediment delivery during fl ood events and marine reworking by waves. However, the limited conglomerate may suggest that shoreface deposits are best developed (and preserved) in inactive sectors of the fan delta, possibly removed from sites of active sediment infl ux. The beachface facies association records a key zone where wave run-up produces thin accumulations of strongly winnowed, openframework gravel (fi g. 9). Beachface deposits, where present, occur in the upper portion of conglomerate-dominated packages (Sheet B-1), and record the precise shoreline position. Similar to the shoreface facies association, the preservation of wave-reworked beach deposits probably refl ects sites on the fan delta front not actively receiving land-derived sediment (Lopez-Blanco, 1993) . 
Fan delta slope deposits
The fan delta slope setting (in the sense of Postma, 1984) lies basinward of the fan delta front and below wave base (excepting large storms). The delta slope is here subdivided into three component facies associations: (1) turbidite, (2) storm, and (3) channel/chute (table 2). Fan delta slope deposits at Atigun syncline tend to be conglomerate-poor, leading to limited exposure. The three recognized facies associations refl ect a spectrum of processes including: delta-fed turbidity currents (fi g. 10), hyperpycnal fl ows, periodic storm reworking, and the incision and backfi lling of small channels. Fan delta slope deposits are locally observed along the southwest corner of the fold where they mark the lower portions of large upward-coarsening packages that shoal upward into proximal fan delta front deposits. It remains possible that fan delta slope facies, particularly the turbidite association, exist beneath covered swales between resistant conglomerate beds (Sheet B-1). Nevertheless, this environment is best preserved in select stream cuts in the central and northern portions of the syncline and is suspected to underlie much of the tundra-covered regions (fi gs. 3 and 4). The increased abundance of fan delta slope facies to the north is consistent with the interpreted northward deepening of the basin.
Prodelta deposits
The prodelta environment lies basinward of the fan delta slope. Similar to normal deltas, the prodelta setting is typically dominated by fi ne-grained deposits and represents the most distal component of a deltaic prism. Prodelta deposits are largely confi ned to the fi ne-grained lower Fortress Mountain Formation, which was not examined in detail during this study (generalized in fi g. 6). This monotonous sequence of siltstone and very fi ne sandstone records the most distal component of this depositional system. The lower Fortress Mountain Formation is best displayed in steep cliff exposures on the southern limb of the fold (fi g. 7), although prodelta deposits are also observed in a small quarry in the northwest limb of the fold (fi gs. 3, 4, and 6).
DISCUSSION AND CONCLUSIONS
The body of evidence in the preceding analysis and outlined in tables 1 and 2 supports the interpretation that Atigun syncline was the site of a long-lived fan deltaic depocenter along the ancestral mountain front of the Brooks Range orogen. The distribution of the nine facies associations is schematically reconstructed in fi gure 11. This fan delta model best reconciles the close association of wave, fl uvial, and mass fl ow processes recognized in this study. The key observations constraining this interpretation stem from the new recognition of wave-related associations, especially the mega-rippled surfaces and imbricated foreshore gravels (fi g. 9). These important environmental interpretations are bolstered by wave-generated, landward-directed paleocurrents that effectively limit the water depth to well within fair-weather wave base. As noted by many authors, knowledge of the shoreline position is a key stratigraphic marker in fan deltas (Wescott and Ethridge, 1980; Bourgeois and Leithold, 1984; Massari and Parea, 1988; Horton and Schmitt, 1996) .
Paleocurrents, such as large proximal mouth bar foresets, indicate a dominantly northward direction of progradation (fi g. 12). A northward deepening of the basin is further indicated by the abrupt loss of conglomerate beds to the north (fi g. 4). This general pattern of deposition is consistent with prevailing paleogeographic models calling for a northward, transverse growth of the proximal Brookian clastic wedge (for example, Bird and Molenaar, 1992) . Atigun syncline is a surprisingly isolated accumulation of coarse clastic sediment (fi g. 1). The lack of similar facies to the east, in the Phillip Smith Mountains, is clearly related to deeper levels of erosion associated with Tertiary uplift (O'Sullivan and others, 1997). However, based on recent DGGS mapping west of Atigun syncline, the Fortress Mountain Formation consists of conglomerate-poor facies. The next signifi cant accumulation of conglomerate is nearly 100 km west of Atigun syncline (fi g. 1). The isolated nature of thick conglomeratic facies cannot be wholly explained as an artifact of erosional or structural effects. Instead, it seems more likely that the limited map extent of this facies is a primary depositional feature (also suggested by Mull, 1985) refl ecting the localized development of widely spaced fan deltas. Similar to alluvial fans, most fan deltas are isolated systems with limited infl uence on neighboring environments (Orton and Reading, 1993) . It is tempting to interpret the thick accumulation at Atigun syncline as the depositional record of a major mid-Cretaceous trunk drainage. Vincent and Elliott (1997) demonstrated that major paleovalleys in the Spanish Pyrenees persisted through long periods of mountain belt evolution. Further analogies and insight can be drawn from the North American Cordillera, where Lawton and others (1994) interpreted localized accumulations of gravel as the record of long-lived, antecedent drainages controlled by transverse structural zones. 
